The Heavy Photon Search (HPS) is an experiment to search for a hidden sector photon, aka a heavy photon or dark photon, in fixed target electroproduction at the Thomas Jefferson National Accelerator Facility (JLab). The HPS experiment searches for the e + e − decay of the heavy photon with bump hunt and detached vertex strategies using a compact, large acceptance forward spectrometer, consisting of a silicon microstrip detector for tracking and vertexing, and a PbWO 4 electromagnetic calorimeter for energy measurement and fast triggering. To achieve large acceptance and good vertexing resolution, the first layer of silicon detectors is placed just 10 cm downstream of the target with the sensor edges only 500 µm above and below the beam. Placing the SVT in such close proximity to the beam puts stringent requirements on the beam profile and beam position stability. As part of an approved engineering run, HPS took data in 2015 and 2016 at 1.05 GeV and 2.3 GeV beam energies, respectively. This paper describes the beam line and its performance during that data taking.
Introduction
The Heavy Photon Search (HPS) experiment [1] at the Thomas Jefferson National Accelerator Facility is a search for a new 20 − 500 MeV/c 2 vector gauge boson A ("heavy photon", aka "dark photon" or "hidden sector photon") in fixed target electroproduction. Such a particle would couple weakly to electric charge by virtue of "kinetic mixing" [2] . Consequently A s could be produced by electron bremsstrahlung and decay to electron/positron pairs or pairs of other charged particles. Since the expected coupling is e, with ≤ 10 −3 , A production is small compared to standard QED pro- This paper will discuss HPS's beam requirements, the design of the HPS beamline, and its performance. It will review the beamline instrumentation used to measure and monitor performance and to protect against errant beam motion. The excellent quality and stability of the CEBAF beams coupled with HPS protection systems lets HPS take data safely with its silicon detectors just 500 µm from the electron beam. It has two wider openings, one to accommodate most of the multiple scattered beam electrons and the other, the bremsstrahlung photons created in the target.
HPS Beamline
In order to transport the electron beam to the beam dump, two small dipole magnets (pole length 50 cm, max-field 1.2 T) have been installed upstream and downstream of the spectrometer, forming a three magnet chicane with zero net integrated field along the beam path. The electron beam is deflected to beam's left in the first chicane dipole.
It impinges on the target, which is located at the upstream edge of the spectrometer The HPS experiment will run with beam energies from 1 GeV to 6.6 GeV, and beam currents up to 500 nA using 0.125 % radiation length, or 0.25 % for high energy runs, tungsten foils as targets. The beam parameters required to run the SVT and ECal in close proximity to the beam plane have been established using simulation and are The Hall B beamline is well equipped to deliver high quality beams which meet these requirements. Small, stable beams have been routinely delivered for experiments in Hall B [4] using the CLAS detector [3] where targets are positioned at the center of the experimental hall.
Description of the Hall-B beamline
The Hall B beamline is divided into two segments, the so called " In order to deliver a small sized beam to HPS with the required position stability, an additional set of quadrupoles and corrector dipoles and new beam diagnostic elements have been added to the beamline. This design was optimized using the beam transport software package ELEGANT [5] . The beamline optimizations have incorporated the 12 GeV CEBAF machine parameters and targeted the HPS beam size requirements [6] .
The whole framework has been validated experimentally using the 6 GeV CEBAF [7] .
The optimization was done for three beam energies, 1.1 GeV, 2.2 GeV, and 6.6 GeV. A two-quadrupole girder based on the existing design of the CEBAF arc recombiner can deliver the desired beams when the girder is placed about 12 meters upstream of the hall center.
The devices which are actively used to control the beam in the hall and monitored by the experiment are listed in Table 2 . The list starts from the shielding wall that separates the BSY and the Hall B upstream tunnel (this is where the beam gets to the Hall B beamline elevation). The first column in the table is the description of 6 • angles with respect to the fork and the fork axis of motion is at 45
• with respect to the horizontal plane. The count rates from these halo monitors are also used as inputs to the machine fast shutdown system (FSD) [9] as described below. In addition to the actively monitored and controlled devices, a 10 mm thick tungsten collimator was in- the beam operation.
SVT Mover and Wire scanner
In order to bring the SVT to within 500 µm of the beam, the top and bottom SVT 
Establishing beam for physics
Establishing production quality electron beam for experiments in Hall B is a two step process. The initial tune is done at low current by deflecting the beam down to an intermediate dump with the Hall B tagged photon spectrometer dipole magnet [10] and establishing the required beam profile and positions using wire harps and nanoamp (nA) BPMs [11] in the upstream tunnel at the 2C21 and 2C24 girders (see Table 2 ). An example of a beam profile at 2C21 from the 2.3 GeV run is shown in Fig. 5, confirming that the beam was delivered to the hall with required beam profile.
In the second step, after degaussing and turning off the tagged photon spectrometer dipole, the beam is sent straight to the electron dump at the end of the Hall B beamline.
Tuning and positioning the downstream beam profile is done using the 3-wire harp "2H02A" mounted about 2.2 meters upstream of the HPS target. An example of (X,Y) beam profile from the 2.3 GeV run is shown in Fig. 6 . Beam sizes and positions were initially measured on the harp and two stripline BPMs, 2H00 and 2H02. The overall beam position was then moved as needed to center the beam on the SVT coordinate system using the SVT wire scanner (see above). The SVT protection collimator was aligned with respect to the beam and remained inserted at all times. The downstream beam viewer at 2H04, located just before a Faraday cup, had three interchangeable screens, a Chromox disk, a YAG crystal, and an Optical Transition Radiation foil. It was used to ensure clean beam transport through the SVT collimator and the chicane and to monitor beam stability during data taking.
After a high quality beam was established and properly aligned, the beam orbit lock system was engaged. This system uses position readings from the two stripline A system capable of sampling and storing halo monitor counts at tens of kHz rate was deployed to study possible fast beam motion. This system, which was also used to test the FSD system and to study beam motion during beam trips and beam restoration, is described below.
Beam alignment relative to SVT
When the beam is delivered for the first time to HPS, or delivered after a long down time, an SVT wire scan is performed to check that the beam is still aligned to the SVT coordinate system. If the beam was not well-aligned, it was re-centered. was measured from the horizontal wire scan to be 14 µm, which was consistent with the measurement by the 2H02 harp after accounting for the fact that the beam is being focused to the target location, and the harp is about 2 meters upstream. Once the beam position was established, the SVT wire scan was performed only sparingly since the orbit lock system could maintain the beam position well within 50 µm.
Beam motion studies
Several studies have been done to understand beam position stability beyond those possible with the standard control and monitoring system. Signals from halo monitors downstream of the HPS target were fed to a Struck SIS3800 scaler VME module read out by EPICS Input-Output Controller (IOC) running on a Motorola MVME5500 CPU board. This application allowed us to latch the scalers for time intervals as short as 15 microseconds and to write them into ROOT [12] files for offline analysis. The following studies were done using this system to look for short term beam motions.
Fast beam motion
To get reasonable halo counter statistics in a 15 microsecond window, the beam must be parked close to a solid object so its tails can produce high backgrounds. For the first study, the 1 mm thick iron wire strung horizontally on 2H02A harp (Fig. 3) was positioned close to the beam core to get sufficient rates. A change of rate indicates beam motion towards or away from the wire. Both wire positions, above and below the beam, were studied, to be sensitive to possible fast beam motions in either direction. halo counter rates, it is likely that beam motion was not to blame in these cases.
Test of the FSD system
The CEBAF Fast Shut Down (FSD) system provides permissive signals to the injector gun. If the permissive is removed, the gun shuts off within 27 µs. The sum of the HPS halo counter rates was used for one of the inputs to the FSD system.
After setting up production running, the halo counter rates were increased by run- tail is hitting an obstacle. The system was tested for 1 ms, 5 ms, and 10 ms integration times. In Fig. 11 one of the measurements with FSD integration time set to 1 ms is shown. Each point on the graph is the integrated counts over 300 µs. The red line on the graph is the trip threshold, 60 counts per 300 µs or 200 kHz. As one can see there are four cases when rates go above the red line, three of which have only one point (300 µs) above the threshold. The fourth one has three points (3 × 300 µs) above the red line after which beam tripped as one would expect for trip integration time of 1 ms.
The same tests with 5 ms and 10 ms integration times gave consistent results.
Beam halo
HPS is very sensitive to excess beam halo. As the active area of the silicon sensor at layer 1 starts at 1.5 mm, we require that any beam halo extending beyond 1.5 mm does not contribute significantly to the sensor occupancy. Fig. 12 shows the SVT axial layer 1 occupancy during 2015 data taking at 50 nA and a special run without the 20 target. The SVT protection collimator with 4 mm × 10 mm hole was used. The 0.7 % occupancy during data taking was mostly due to Coulomb scatterings in the target and was consistent with expectation. Extra hits from the beam halo were observed in the first ten channels when the target was removed. However, the extra hits were less than 20 % of the nominal occupancies. The halo was consistent with a Gaussian distribution with σ = 1 mm at the intensity level of 10 −5 of the core beam and was consistent with the large dynamic range harp scan [4] . The sharp drop in the halo hits beyond 2 mm is due to the collimator, and no extra hits from the beam halo were observed during the 2016 run as the vertical size of the collimator hole was reduced to 2.82 mm. 
Summary
The HPS experiment took data successfully at 1.05 GeV and 2. 
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